L1 elements are mammalian non-long terminal repeat retrotransposons, or long interspersed elements (LINEs), that significantly influence the dynamics and fluidity of the genome. A series of observations suggest that plant L1-clade LINEs, just as mammalian L1s, mobilize both short interspersed elements (SINEs) and certain messenger RNA by recognizing the 3 0 -poly(A) tail of RNA. However, one L1 lineage in monocots was shown to possess a conserved 3 0 -end sequence with a solid RNA structure also observed in maize and sorghum SINEs. This strongly suggests that plant LINEs require a particular 3 0 -end sequence during initiation of reverse transcription. As one L1-clade LINE was also found to share the 3 0 -end sequence with a SINE in a green algal genome, I propose that the ancestral L1-clade LINE in the common ancestor of green plants may have recognized the specific RNA template, with stringent recognition then becoming relaxed during the course of plant evolution.
L1 elements are mammalian non-long terminal repeat (LTR) retrotransposons, or long interspersed elements (LINEs) , that drive genome evolution in diverse ways. They constitute a large proportion of the genome, shaping both individual genes and the genome as a whole (Weiner et al. 1986; Brosius 1991) . L1s mobilize nonautonomous sequences such as short interspersed element (SINE) RNA and cytosolic messenger RNA (mRNA) by recognizing the 3 0 -poly(A) tail of the template RNA, resulting in enormous SINE amplification (Dewannieux et al. 2003 ) and processed pseudogene formation (Esnault et al. 2000; Ohshima et al. 2003; Babushok et al. 2007; Ohshima and Igarashi 2010) . In other words, L1s seem to initiate reverse transcription in a "relaxed" manner (Okada et al. 1997) . The 3 0 -end sequences of various SINEs originated from corresponding LINEs other than L1 (Ohshima et al. 1996) , however, and to date, 20 of these SINE/LINE pairs have been identified (Ohshima and Okada 2005) . As the 3 0 -untranslated regions (UTRs) of several LINEs have been shown to be essential for retroposition, these LINEs presumably require "stringent" recognition of the 3 0 -end sequence of the RNA template (Okada et al. 1997; Kajikawa and Okada 2002) .
A systematic database and literature survey identified 58 SINEs, more than twice the number already identified, each sharing a common 3 0 -end sequence with the partner LINE (supplementary table S1, supplementary fig. S1 , Supplementary Material online). Although more than 800 L1-clade LINEs appeared in the database, only three SINEs with L1 tails were found in this study. This observation suggests that, in general, L1-clade LINEs differ from other LINEs with respect to 3 0 -end recognition (supplementary fig. S2 , Supplementary Material online). Figure 1 shows the number of LINEs belonging to each LINE clade according to biological taxa (supplementary (Faris et al. 2001; Zhang et al. 2005; Benovoy and Drouin 2006; Nurhayati et al. 2009 ). As mammalian L1s are thought to recognize the 3 0 -poly(A) tail of RNA when forming processed pseudogenes (Esnault et al. 2000) , it is possible that plant LINE machinery is similar to mammalian L1s (Lenoir et al. 2001) . That is, by presumably recognizing the 3 0 -poly(A) tail of RNA, plant L1-clade LINEs thereby mobilize SINEs with a poly(A) tail and mRNA. In accordance with this hypothesis, almost all L1-clade LINEs in flowering plants were shown to end in poly(A) repeats and all RTE-clade LINEs in (TTG)n or (TTGATG)n (table 1). Poly(T)-ending SINEs: p-SINEs and Au-like SINEs (supplementary table S3, Supplementary Material online) would be mobilized by the LINE machinery that recognize a poly(U) repeat of RNA at the 3 0 -terminus, although such LINE has never been reported in plants. (Ichiyanagi et al. 2007 ), however, was not supported by the ML method (supplementary fig. S5 , Supplementary Material online). Second, the L1 lineages from these three taxa formed a monophyletic group (55/45; neighbor-joining [NJ]/ML methods) among diverged LINE clades such as RTE and CR1. The Tx1 LINE, with target-specific insertion, was also found in this clade, as observed in previous studies Ichiyanagi et al. 2007 ). The Tx1 and vertebrate F lineage formed a monophyletic group with high confidence (94/85). Third, comparison with the species phylogeny revealed that plant L1-clade LINEs consist of at least three deeply branching lineages that have descended from the common ancestor of monocots and eudicots (ME1-3; supplementary fig. S6 , Supplementary Material online). These three lineages must have arisen more than 130 million years ago, around the approximate divergence of monocots and eudicots (Moore et al. 2007) .
One group of LINEs in a monocot L1 lineage (monocot 1a in fig. 2 ) retained a conserved 3 0 -end sequence (supplementary fig. S7, Supplementary Material online) . Average pairwise divergence of this region (the last 45 nucleotides) among the LINEs was only 0.144 (standard error [SE] , 0.043), whereas that for the entire sequence was 0.570 (SE, 0.012). Interestingly, maize SINEs (ZmSINE2 and ZmSINE3) with 3 0 -end sequences very similar to that of the above LINE, LINE1-1_ZM, were recently reported (Baucom et al. 2009 ). This study also revealed possession of similar 3 0 -end sequences by several sorghum SINEs (supplementary fig. S8 , Supplementary Material online). Comparison of the 3 0 -end sequences from these SINEs and LINEs revealed that part of the sequence (ca., 50 nucleotides) is apparently related, presumably having been derived from a common ancestral L1 sequence (supplementary fig. S9, Supplementary Material online) .
The putative transcript from this region was also shown to form a possible hairpin structure (supplementary fig. S10 , Supplementary Material online). Compensatory mutations were observed in the stem-forming sequences, confirming a secondary structure (supplementary figs. S7 and S10, Supplementary Material online). Several nucleotides were strongly conserved in the 3 0 -flanking region of the stem (5 0 -CGAG-3 0 ) and in the loop (5 0 -UCU-3 0 ), though the stem-forming nucleotides were variable. This stem-loop structure is commonly observed in the 3 0 -end sequences of stringent-type LINEs and SINEs (Osanai et al. 2004; Nomura et al. 2006 ). These results strongly suggest that, at least in this lineage, plant LINEs require a particular 3 0 -end sequence of stringent type.
The last example of a SINE/LINE pair in the L1-clade was found in a green alga. The 3 0 -end sequence (ca., 80 nucleotides) of Chlamydomonas SINEX-3_CR (Cognat et al. 2008) was very similar to that of L1-1_CR, with both ending in poly(A) repeats (supplementary fig. S11 , Supplementary Material online). As land plants emerged from green algae (Karol et al. 2001 ), the following is proposed for 3 0 -end recognition of plant L1-clade LINEs (fig. 3) . It is possible that the ancestral L1-clade LINE in the genome of the common ancestor of green plants possessed stringent, nonmammaliantype RNA recognition properties. During the course of plant evolution, a L1 lineage(s) then lost the ability to specifically recognize the RNA template for reverse transcription, thereby 
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Ohshima . doi:10.1093/molbev/mss147 MBE introducing relaxed 3 0 -end recognition in land (flowering) plants as in mammals. As horizontal transfer of LINEs between eukaryotes is rare (Kordiš and Gubenšek 1998; Malik et al. 1999) , the discontinuous distribution of L1-clade LINEs with low specificity (i.e., mammalian L1s and plant ME2/ME3) suggests a type of parallel evolution.
The ancestral L1-clade LINE might have required both the 3 0 -end sequence and the terminal poly(A) repeats. A few L1 lineages might then have lost specific interaction with the 3 0 -UTR of the template RNA, retaining some role for the 3 0 -repeats. As listed in table 1, most plant L1-clade LINEs have poly(A) repeats at their 3 0 -termini as in mammalian L1s. However, 3 0 -poly(A) repeats are not necessarily a hallmark of relaxed 3 0 -end recognition. For example, although silkworm SART1, an R1-clade LINE, uses stringent-type recognition (its 3 0 -UTR is essential for retroposition), it ends in poly(A) repeats (Takahashi and Fujiwara 2002; Osanai et al. 2004) , which are necessary for efficient and accurate retroposition (Osanai et al. 2004) . 
